Abstract--Several technologies can be applied to enable mobile location services, but most of them suffer from limited accuracy and availability. GPS can solve the problem of determining the location of users in most outdoor situations, but an end-user position inside a building cannot be pinpointed. Other mobile location techniques can also provide the user's position, but the accuracy is rather low. In order to improve the accuracy and make location-based services really attractive, existing approaches must be supplemented by new technologies. Wireless short-range technologies like Bluetooth could be candidates for solving these problems. This paper shows, that Bluetoath can act as a key enabler of mobile location services in an in-door environment. The advantage of Bluetooth technology is, that it can provide rather precise location data inside B building or botspot area, while the Bluetooth terminal is connected to the network. Hence, the users will be able to obtain more detailed guidance and information on their sites of interest such as department stores, airports and other public areas.
I. INTRODUCTION
OBILE location services' and personal navigation M represent a huge potential and challenge for business players in the mobile service arena [I] . Location-based services have been identified as one of the six main service categories in studies by the UMTS Forum [2] , and the estimated number of users is expected to exceed a hundred million over the next few years. Mobile location services will allow the users to find out where they are and track their friends or family members. Moreover, many more applications based on location will become available. Mobile location services will he one of the crucial tools for providing mobile users with the right service at the right time and in the right location. Actually, mobile location services based on the GSM and GPRS platform are available today, hut these services are not really attractive to the end-user. Users are not willing to pay the service charge for a service with a poor quality. Mobile location services will only succeed, if the mobile service providers can offer more accurate positioning, more attractive user interfaces and appealing content, and if they can provide position information inside buildings. Part of the solution could he to complement 3G mobile networks with Bluetooth networks 13-51, The advent of 3G networks will expand the potential of mobile location services in much the same way as the improvements in data transmission performance and mobile terminal characteristics (bigger screen, more colors, built-in camera, Bluetooth embedded).
3G networks provide higher data rate than GSM and GPRS networks. Therefore, rich location information can he sent via the network and, with improved terminals, multimedia user interfaces can be launched. Furthermore, the coverage area of 3G mobile base stations is smaller than that of GSM and GPRS and provides outdoor location information with a higher accuracy.
The biggest Japanese telecommunication operator, NTT DoCoMo, launched the first 3G mobile communication networks in 2001, and other operators around the world are following. In this high competition market, most of the big mobile terminal manufacturers have decided to embed Bluetooth connectivity into their mobile terminals. This will make it possible to take advantage of localization data, while Bluetooth terminals are connecting to the 3G mobile networks via Bluetooth access points, and the location can then be determined on a granularity level of approximately 10 meters, corresponding to the cell radius. This paper describes not only how different location techniques work, hut also what impact each technique will have on the network, the mobile terminal and the cell size. We will also discuss how wireless short-range technology like Bluetooth can provide information of location inside buildings and how to share location data over the limited range of an adhoc network. Furthermore, the benefits of complementing of 3G networks and Bluetooth networks will he described.
In section If, advantages and disadvantages of the existing technologies behind mobile location services will be outlined. We will then describe, in section 111, the concept of mobile location services employing Bluetooth technology and how Bluetooth can enable the in-door mobile location services. In Section IV, the service scenario of complementaly Bluetooth and 3G networks will be proposed. Finally, the conclusion and suggestions for future work will he given in section V. 
THE EXISTING TECHNOLOGIES BEHMD MOBILE LOCATION SERVICES
Several technologies for mobile location services are available today. All of them have their limitations; some require changes in the inobilc terminal itself, whereas others require changes in the network. Multi-path propagation and line-of-sight can have a significant influence on the accuracy. Table I shows a comparison between the most important location technologies. 
A . Cell-Identification (Cell-ID)
Cell-ID is the simplest technique to determine the location of mobile terminals, but also the least accurate. When an active mobile station (MS) is connecting to a base station, then the MS is known to be located geographically within the area served by this base station. Reliable positioning therefore requires accurate maps of coverage area of the base stations. The accuracy of Cell-ID depends on the cellular network density; smaller cells provide higher accuracy. To improve the accuracy, two network radio measurements can be used with the Cell-ID. This technique is called Cell-ID++. The Cell ID and Cell-ID++ technique can be either terminal based or network based.
B. Enhanced Observed Time Difference E-OTD
This technique provides slightly better accuracy than Cell-ID++. The mobile station measures the arrival time of signals from three or more base stations, which must be synchronized. Base stations must be further equipped with receivers to measure the mutual time difference between the base stations. The position of the mobile station can be obtained by combining these two pieces of information in the mobile location center. E-OTD is not supported by existing mobile terminals, which will require software modifications. So, hardware needs to be added to the network and soAware needs to be added into the mobile terminal. Since the mobile terminal position can only be obtained by measuring the signal from at least three cell sites, this technique does not function well in rural areas.
C. Global Positioning sysrew (GPS)
This method is based on the GPS satellite constellation and offers the highest accuracy. But there are still problems in making services available for users inside a building. This is because the mobile terminal requires visibility of at leas1 3 satellites to estimate the 2-dimensional position. To solve this problem, the network operator can provide assistance data to enable'a GPS receiver to provide a position, even in a challenging environment. This is called Assisted GPS (A-GPS). In this method, assisted GPS and location calculation have to be added into the network, and the mobile terminal needs a second GPS antenna, a GPS RF front-end and processing, memory and software must be added. Therefore this positioning technique has a cost impact, not only to the network operators, but also to the users.
D. 3Gpositioning
3G in principle offers the same types of positioning methods, but with some modifications, e.g. due to the use of WCDMA. Because WCDMA occupies a larger bandwidth than GSM, the accuracy is potentially higher, but complications arise due to soft hand-over and masking of weaker base stations.
MOBILE LOCATION SERVICES WITH BLUETOOTH
Bluetooth is a wireless short-range technology, often referred to as a wire replacement technology. It is designed to operate in the unlicensed ISM band at 2.4 GHz, which is available all over the world. It was developed to form a piconet by using a masterislave based MAC protocol. The specified transmitter power o f a Bluetooth termina1 is 1 mW (at 10 meter coverage area with class 3 standard), which is very suitable for mobile devices such as mobile phones or PDAs. The low power consumption of the Bluetooth module will not significantly affect the battery life of the terminal.
Because Bluetooth operates in the ISM band, no license fee is required, therefore a terminal with embedded Bluetooth could be applied worldwide. The short-range characteristics of Bluetooth make it very useful for mobile location services. When a Bluctooth terminal is connecting to an access point, this also determines the location of the Bluetooth terminal within the 10-meter coverage area -without any additional localization mechanism. Due to the small coverage area of Bluetooth networks, many access points are required.
There are three types of wireless connectivity: wire replacement, ad-hoc networking In an infrastructure mode network, the Bluetooth access point must always perform the role of master in the piconet and participating devices must operate as slaves. While Bluetooth terminals are connected to the mobile network via an access point, they can communicate with other terminals in ad-hoc mode. Therefore, Bluetooth terminals can exchange location information between each other. Also, if one of the Bluetooth terminals is equipped with another location technology, e.g. GPS, it will be able to share its location information with Bluetooth terminals in the piconet as shown in Figure 2 . The location of mobile terminals with embedded Bluetooth can be known, if these terminals are close enough to the Bluetooth access point. The Bluetooth access point is the Bluetooth device, that provides the interface to the mobile network. Thus, the deployment of Bluetooth access points is required. This Bluetooth fixed infrastructure is expected to be installed widely in the public area, office or home. The positioning measurement of the Bluetooth location technique is the coordination of the nearest Bluetooth fixed access point to the Bluetooth terminal. Therefore, if the Bluetooth fixed infrastructure is implemented properly, it could provide a high accuracy positioning. The cost of deploying this infrastructure might he a limiting factor, but it might be justified by other purposes as well. For the mobile terminal, the Bluetooth interface is simply an embedded chip or a plug-in module.
In this scheme, the positioning calculation unit resides in a location server instead of the mobile terminal in order to preserve the mobile terminal's battery life. The location of mobile users will be obtained by mapping the unique physical address of the Bluetooth access point, where the mobile terminal is connecting, with geographical location information in the location server. To provide a reliable location service, the system should be able to guarantee, that the mobile terminal is connected to the nearest access point and only one position has been read. Moreover, the users' location should be updated automatically, when they move from one access point to another access point. The mechanism of users' location determination is shown in Figure 3 . In Figure 3 , when the mobile terminal detects, that it is connected to access point 1 (APl), it informs the unique physical address of this access point to the location server. Therefore, the location of the connected terminal can be known by correlating the physical location of the access point with an accurate geographical map. In the case, where the mobile terminal moves from access point 1 to access point 2 or even access point 3, the system needs some sort of handover between access points in order to provide automatic location update. Since there is no hand-over mechanism defined in the Bluetooth standard, this mechanism will need to be implemented and embedded into the Bluetooth networks.
IV. BLUETOOTH INTEGRATED WITH 3G NETWORKS
The combination between Bluetooth networks and 3G networks will enable a flexible mobile location service. This service will be available for local location services, such as a free in-door location service in department stores. It will also be available for 3G users, who will be able to track friends or family members inside buildings. Most users spend a considerable amount of their time inside buildings such as home and office.
Besides making in-door mobile location services available, the complementary functionality of Bluetooth and 3G networks could potentially reduce the unnecessary traffic on 3G networks. The 3G networks could then be used to deliver a trunwaccess connection to specific locations, and Bluetooth could provide the final delivery and local network connection.
In the case of local location services, the system offers the user's location within a local area, such as a free directionfinding system for the customer in department store. The fixed access points have to be set up in that area. The service system requires accurate maps of fixed access point infrastructure to make the service reliable. The service scenario of the combined system is shown in Fig. 4 . In this paper we have described the concept of in-door mobile location services by combining 3G networks and Bluetooth networks. The mobile users can obtain more detailed guidance inside buildings. They are also able to track another mobile user's position in buildings or in hotspot areas.
The Bluetooth terminals in a piconet can share the location data with each other in ad-hoc mode.
This paper has only addressed the technical feasibility of indoor positioning, but it should not be forgotten, that location services always have an ethical aspect of protecting the users' privacy. Mobile users should have the right to give or not give permission to other users, who want to track their position, and implementation of privacy protection measures must have high priority.
In our future work, we plan to design a service architecture of mobile location services for the next generation mobile IP network based on IPv6. We believe, that the mobile core network will change to be IP-based, and this could pave the way for worldwide location services.
